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Quantum Cryptography 



^M#t!D[2Jj7|^sg 



III . ^fPli^ 



, (f v-GiNoh)?: 
g«j2{M Km) 

;«sa(j.'.Hong)- 

'•&5»^{C.J. Yo'.jn) : 
•aaSt&.Y. .Sung) 
SEHS (t Zyung) > 



s] «*}*h 71^*1 ^jx^^xr 4°i°ti ?ic<ysi-s- s^-as ih 
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<$m% «hhj- &?*a m% 4£°i wi 

WW — 33 ci # H£U SI* 1970 

WEpi ^ aicfi^j -g-^i ^afli^ mm 

»fl-¥- °14£ WJSi -Ml* #?lMsL4g.sM =8 
if - ^a^i a m *\ u i?\sL 4444 4^ 

*fl 7]£.is\3. &4[1]. ifla^^S. Rivest, Shamir, 
Adleman §■ *j] Aj-ajol 7fl£#KSA #7fl*| ^ v ^fl 

n H-r- € 4* £<il^*H°r44 "d*H44 
t 3-t °l-8-^4 3, 4*I*I.£S. ^1 

^ ^J44*K144 

£ *^aj a«u Wll Silt Wis 4* 
4tt ^ 34 4£^4 ^4. °m £ 
«■ ^al^s; t*d°il 44 — 4 

7\s\jL 5J[ o Ln j j ^ 1994^ AT&TS] Peter Shor 

^J-Q^«j of^^E]7} T^ig RSA tfJUW 
^ ?^ilS SpH 7tetv 5! #<83* °i4 
[2]. ©laW Jitf-S^ tflohog. =^s> <g. 

4 a^-^'tlCquantum cryptography) 7]-^£- H °> 

*mh m *w 434 ^ 

-5L4£4[3]. 

£ JLoflAi 7l#*Hr o^yofa^j Jin} 
ti£ a]n|oflA) e]xH ^J^S] 4<g£ ^xHK] 
Sj-^S. ojxioga. 7l#(quantiim informa- 

tion technology)^ #°H4 1980^ 



^l^*f4^ A «9^^ 4<S*J ^ft ^ 
S14 

aw *»i ?i€ =s^i#i =ii2i4 < y£i #m 
m% c&mn ?\it wis ^t- 

n n«£ o|^, f. ^ 

l-^i oj^ol 

^1^ 5J4. CIA, NSA, NASA f-£] 

7[ 9j a m ^yoj* c^q qjpfc o. 

t), Wti ^ 

#7 r SK2. ^floU, IBM, HP, Bell Lab., Fu- 
jitsu, NEC, NTT, Toshiba, Mitsubishi f - 

?*HW£ f^rt 'gmz 514 

m, W D f £fi! 7|^o] i^oflAi 71$ 

t> -§4^- 7r%*lSS nl7] 

^l^H t)HfH W 3M4£- tfl*H 
^9J Sl^©]4. £42. 2002 ifli id Quan- 
tiqueAj-fi} 2003 «d MagiQ Technologies^! 

^ WW S14 ^-^144^1 ^ 

4sflS7fl4^1>W]^4 

ofi «H^^J-i ^kl^fe 7^ 

7l£3j«] ?J ^^1 ^]B> 7^ 

5] 7fl££j-S$*l| cH*BAj 71^4. 
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SHH tiS* RSA tf£ -g- 

^Hone-time pad)-i /-is i+rH 7^ ^ 

w o\m usi-g- *t*#.# n 

i^J 7 1££ ^^-g- y-^JE-i 431-t- 

Sj- 7 }£S| SSm^oll cfltl- £2j W% 3- % 



w ^IFS. tf^-S w 



1. 

°<f*}- £^St£ 1984£ C. 
H. Bennetts}- ^a}-i- tfls|-°] G. Brassard^! S} 
SH ^fis]^[6}. 3L<LW£| o}^- 4*1 BB84 

E^m-s. ^sm^a- ji 

^. ^J*KAHce)±r ^ 7fl£} 7}xi # ^ ^ 55 

*Mf 0 a T ^^ ^KB0b)a«7l| Mtfi 

cK2^X Bobi ^A] = 7}- 



^Tfl). BobSj ^go] -1 Alices Bob-g; A A A 

m <$m *is«w ^-^wwi, 

Alice?)- ^ajt!- 7)^fi}- Bobo] ^bh*> 7}7^}- 



lWAOce-hasis ti^ 


4- 


X 


X 




X 




X 






1 


0 


1 


1 


o •• 


0 


0 


0 




Eve-barfs -Ji«l 










X 


X 
















0 


1 






3^]: Eob-basis ^ 




X 


+ 


X 


X 








4^1:Bob-^?! 5**^ 


1 


0 


1 


0 


0 


I 


0 


0 


5ft* Basis u]S-siftsd key 


O 


0 






o 


o 




o 



0: ■«-*• ^ 



z 



X 



CnU 1) BB84 .ggSSJ} SEf-XH^t! 
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^ Bob°l Alice?]- JLg- # 

4 °4*1*K W ¥ WW t£ 
7|(sifted key)* 7}z\4 «=K5#*. Cjl« IHIa) 
^ S#aKEve)7} i^-t A]iLt> 
43 °t=4 °)tvs) 7]i ^alofl m I?. a}W 
(Alices Bob)?]- °fc£ ?] 3H| n_V#o) 
m^ll Alice^Bob^ ? ]o} o^^ £ 

°« u|££ t||aJ*M EveS) 

tH^, 1992*3 C.H. Bennett^ 2]J2.S)-A] °> 

B92afc£ oj 5i£f^ u]| 7flS) A>Ei]-g- a> 

■gsfc BB84i h]«H Aj^jA-) ?&i\7} 
m^afl <y*> ajS -U^ojH Af-g-s^. «ya> 

^1- ^Hsji. *}«] E ^wsi Ctj^lA^ 

67«4 37JS1 <£4 tfEfl-f 

Alice?)- °Mtfsfl-i Boboj]jH| Jim 
jl Bob£ zl ^8«Hr B ^ ¥ 

WW epr ^(ajcfl <#x\ *$4pfM ^ 

e J*M- *W * ?H*! i+¥*1 7}z\jl <S 
m m m% ?Wb ^sj oj^Kfi 
o) 1991ti A. Ekert°1| Sjsfl $£5)M9]. o| s. 

^ JjS. 7floj 7M7> C>y 7>Z> Ai| TflSj 7 )x) - 44 

# Ai^H n 7]xM o|sn shTfl Alice 
a} *ii ?mBob*) Afl ^ = ?)*]£. ^*)*|*1 

4H*1 7]7-|^ Ai^ 434. 44*) ^ A> 

^ 71^7^ ^ ^ ^ a 

^ S>#-& 2/9S -t^#7|o> LfnjT-l 7|7i7f ^5]*] 

*1 ^ EveS) -f l^^oj tug 

^?f# § ^ <>! 1^-8 ^7^ i? | 

mm m ^9*1 



2°J ^alM ^7is| «?x}7q a #»J(Qubit ( ^1 

s)t <>i^fe ojcii tn$ **as. ^o) 

^S)*lAn). c) ufo].?]. ^sfe 
^ aSXf«)l ^ -g^ofl^T.) o) a g4. 34 
^ °o^Ha-5l S^S.f^- ^fi) ap^quadratuns 
amplitude)-!- VS. ?] ^l^fe 5l^S ^4 
^(squeezed light)o|H-, 7}^Aj ^coherent light) 
# A}-§.*FcJ-. o)a)*> <S4 "J^J. 

*A) ^2jO^.^S)7)£MH]. Tj-A^^-O) 

°\m &\ %m ^ 

2. Wifil #^4 

m ^ ^ ^§ ^4 

7)S. q-^ ^ 0 J-^«llf i^A^ Eve 

7} -HUM «fl*l*i sl£ 5!# ^ 4 5i# ^^l-t 
Sf - o)^ s-zv ii-^a) 

^E)£) f b|)# ^4. Aj 7|l3 ; oj-^6) ^4 
4J^a)^|^^=4 
Alices)- Bobo) «Jfxpg-£^*J# ^*l-7l ^Sfl 
€^*MI 3g-¥*fl 

^ ^4- Eve^ "L# o)^M 
^ tJRV ^Jit ^ Eve7|- 
*W ^^H 7 ^ ^ ^a^a] ^qi?t*l Alices)- 
Bob A>o|s| ^4^ Alice^Bob-g- 

JL^3}<y ^.f.i^(error correction)^ 
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(privacy amplification) «U 5]s)| hIH ?]■§• 

ag^J BB84 =S£#Sl Jfaflaitl 
S] 1996^ D. Mayers^l Sjffl o[J=Loj£4 

[i3]. oi ^ #4 #-§-°i 
3^ ^kj-m 3 

o_£ POVM JS."g-f *b§-4£4- 1999 £ HJC Lo 

s * oil 4*1 *g*l £Jb a^^a 

o| Sh^-fr^WUM]. 2000^i^-P.Shor4 
J. Preskill°l 3£ g^s|- #3#7|£] Eve 

9 ?I*H W- *3<HI afl-^43. WH 

^# #"34&-?-4 °1 £*| Shor~Preskill 

f^(Shor-Preski!l prooO^E ^ajaj &4 2003 
£<*1 Koashi-Preskill ^o)]a^ ^#7^ ^ 
Sl-42 7Hg8|-ja. AliceSl 7)7-1 ^lif- Eve 

°WI BWL> £24*1^ &4b 4 

jL Si4 D- Gottesman, H.K. Lo, N. Lutkenhaus, 
J. PreskiU -g-f 1 2004£ ^g-<HH£ 

Jit Eve<« £#t «im ttSMl: #34 

S4U5J. 

*Jafl3}«! ej^oj-^ A|^«M 4^*V ojapja 

ass-at *ii c j-i- 3^4 

Eve7 r f § ^ cfe £^ STfl Jp 71-7,15. 1+ 

4 3lhH $ m m$ ^IW4 ^ 

# *|S.4b 7 H1 -5-^^Cindividual attack, inco- 
herent attack)^ <g 7flSj ^-^H «t^a}ofl ^-n.?} 
°l ^Jif 'JMMfe W ^«a(joint attack, co- 
herent attack)^! 

* ^his. m 4*423. m « 

^^^^(intercept-resend attack)-^ f - 4 m 
4 «1 B o^-& ^ v atfl^ AJice7f Bob^lTlI 



fi^st Eve?! ?i-a*H^ xRia] ^ ^ 

* Bob-HlTll^ Eve7f 7KW1 -S-^tl" ^hj 

* -Sim-b U- , S*14 Eve7f 71^^ BB84 

f 7\Z\ f^i^ *K!«1 Uflls JZt ^ 
i Sli ^ ^l^si #7j- 7i^s m% 4-i S14 

i 4€ m m ^^(doning at- 

tack, symmetric individual attack) o] %}ck ol^. 
^tSjjl 5ife ^^*11 ^4 ^ICquantum cloning) 

^p^SpXloKno cloning theorem[5]) ?H1 

m ^ %^H^ S*M4 

o]a|^ ^ ijfig^. <Sf4 ^ 

-g^ojn] Alices BobS] ?H1 ^^l" u = v 

filoll °J^m AlA^ofl A^S]^ ^121 |)qf^ 

6 l-g-*fe Si4. ^1 ^oj ^ 

^4 ^1- D ^m^l 5-4^ 4## 
4 V^l-f Mi^-m^ =g-?- °l 4f^4 ^# ol* 

^4 u 14 32 l (quantum non-demoli- 
tion attack)©] 5i4 #4 4- 4ff -^(photon 
number splitting) *laf US. #a|^. o] uj-^^. oj^- 

4^ ^t 1 ^ ^1 

— ^f^l ?r^t^ 

°!-§-^^l 4^-4 ^ ^ M^^i 4 

7J * Mce^l- Bobol 7lxjf - ajji^ nj t. 7]x-]o|| 
^S^SLSWl Alices Bob<>l|7ll ^SJ^l Q3. 

^ m ?H HI'- ^Ji-f - 4 «4 

°lel*r -5^^ <W*fe 4f^4 tM<>l 

1 41^- ^ *14-a cfl 
sit ^ Si^, « #*> 

414 

m fjo)|Ai "plug and play" « 

EflSl «g^Hfil^l ^l^[16]ofl nllvl E£ol6| a 
nf ^(Trojan horse attack)^. 7}^-«}nl-. o) ^ 
± Mce7\ BobAS-^-El ^cfl ^sfe <Jl^r 
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# 4f 4 ^ 4 #3 SLMl-b 4*14 Plug and play 
<$7} <g3L 4 a^i^^ Eve4 AnM ^ Af. Alice 

oji>n M4££4 Mce# -y* 444 44# «kM 

Mib 444 °HI 44 4*14H^b Alice4 4 
EveS| 444b 434 444* Si=Hl7]. 



4W4 BB84 = ggf4M 44 4 

o| 444^-14 "444°j=" 

4£ 4 4-34 4-§*fe 4-<^4 ^ejaiis. efej 
^single quantum)*] 441 ^4^15.14 4^ 

*fca 514. 444 4443:f44 4«ll4b 

4444<single photon) 4314 4£ = igaj. o^j. 

34 jI^-je 44 3#44 £4444. #S 
* *§■ 4-8*fe f4*im 
4*4fc -?434 a^*^ 44 m*J: 
$4 4.9.44 * 444b WJ»tf 4 443 
4 ^44 444 ^ 7\4t, 

n.^JL 444£f4 444 -f-^ f41 44 4 
l. WN! 

sS4M 4 -#4 BB84 g ??fj £-44 4b If 

4°j-a Mini 4^44 %m 4 
®i %&m. om<& vtm 44b %m 4 

44 i3j 4 7fl°] 4444 #44b 44 
t 444. 4*14 444444b ^ 44 4H4 
£44# 44b €4 4 41 <WMfe 
nil n 44414 4-f-4-b ^^fluorescence)iS 
^4 4t 4 $14 444 44 443*43 ^ 
£444^4 4443 ^h>| c| o]$ n % 
7}# 44444 &b44 ^t}*fl 444 ^43.$. 
4 4^ 41^- ai^-H-S. 443#4b £4 4 



4°)] ? H4 444§- 44. #44^£ 

-y^l 4444 7F»fli(variance)7|- 

i4 *M4 ^-4 44 

§4 4b 4a°h#(sub-Poi3son) ^Ef J£°14 
^ c j, U ^7l(beara splitter)4 7fl°) ^J-^-f- 

7» 44*M ^ m *«■ #^tVb * 

tftfl #=8i4b ^4 ^4^(photon antibun- 

ching) J:4?l 444^1 44 ^444 ^ 3| *s 
^4 ^ t4 4°d^m *s 

°l7lAi?]b^[i8], 444S£ l^^l 
«4- «■ 7 H# *lt- 5 M 444"fe *^E19]. 4^ 
*ll °o*4 W-^l- 4#*fe d c^[20], iteafl ^ 
4^# ^[21], n.e\JL ww& 4?H 

4f^% 4^i4 &n m*\t s sm 

*144 ^i* mm H 41- ^44 4<y#4 
^MM #444 4b °l-§-4b ^4^- 4°^ 
t4 *«[22] S14. ^14 1^ 
s «xh 7|#4^. 444^1 Wi4 ^ 

44 1-^^4 ^ 4-^- 44 4 § mm * 

7l#44 4>1I#S °J44 *14 44° D > s-f4*!l 4 
■g-44°flb^44al4 

441- 4f7] ^sn4 ^ji. ^e] 4 

4 4*h4 4# tfl°J:£LS 

4-§-4^ 44 ^ W14 

4 £4 4^44 441- 4^b 41M4 °1^4 
^1 444^1 44b 3. ^444 ^4°1 ^]4si 0 J 
4^44 444b 4^-4 s*^<Poisson) 
4=4 =144 41 #4 Jg* 44 44 o.i<a ?J 
^ 4 44 M*l 4 7H4 4^h# *W 4t4 
9% 4^44 W1 4 4^ ^^44 ¥ 4^ 4 
44 #44 41^- 0.5% yoi4 4°a4^1 
4^fl# ^44 444 44 #41- 444 
as. 44 444a:-i4 ^44^44 B°l °1^4 
21i4. 

4€ 44, 4^ 443it4# ««H4 ^ Vo l 4 
44ji sia a-iSjE. 43] 71-4 ^44^ 4^ 

41-^-^1 4a. 5ib 4^1 |j444(entangled state) 
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<g?4* 5ti4- -#4^43 4#^i 

tt> «i« wi si<H4 a m $m *m 

4^# °M 3*l ^ °J4 Ht'^e] tH3L4 
°] D. Bohmo) 7fl«ytV 1/2°J *> 

*J4 am*! «Kr ^1 ¥ 

m^tim-iw,) (1) 

*! (D#*l W14I23]. ^44^ 

(T)4 ^HI4^~down(i)S] W\ tfS. %m 

-sww °u°-4 «■ ^-t f*n 43 

*!■ Wis ^34 4# 0 d43 

o|4tf 44 £3 A <H1* ^4?l f|«H^ 1980 
St^Mfe ^£ «I44 4^<>1(atomic 
cascade) tg^o] ol£5]£7ln_ r [24], 1980^ 
l^M-b 4f4<i] *H?I]4%^®SFDC) SHJE25] 

°M #4*8* S^cM*^ 

3°1 4# Ji^O] ti^OS ^2>£]J7 -> ^ <g 

SPDCfe ^2. 43)4 flow 

°J44b #44 U^4 ^a|o£ g-g. £-f4<i 
t 7 J »HD* ?fe # #4 #41^ 41*4-^ $ 
£4£r 43# W. ^fl^^s. nm °J44b 



Signal 



Si* *a4-§4! 4*H "J^Kr ^ *h' 

signal #44 idler #44* ^4 SPDC^ 4^ 
* pfl^ iflof|4 g« #44 4%> #4t 
°H <HM4 S*^aj4 £f-t M^^if] 



(2) 



^, (a^j 2W4 ife 44 2*1 spdc^a-) uj-xg 
4b ^ ?H4 #41-4 3-f40£& 4#)4 




Nonlinear Crystal 

(ai 2) xf^*j o]{7tsi9 
o] 4S ^£l<H ^ oa ^ signal ^47j- °JS|4 

^§44 44- ^^ll ?>i »H ^fl-g-sfe 
^-§^4 4^ «M# 44^ idler ^ *p\ 1> 

spdc 4^^Sr f - ^44 

^flofl Si^ ^|l^(type-I)4 ^ MS| 4 
S SjjiSfe ^12^Ctype-n)ol ^4 

* l f W44 7 ^^1» -^sfe M o^^I 444 4 



3*14 



t-H spdc 4^i4 . 

l*>-Jj(li>l%>+WH)) (3) 

(3)4 ^I^a H^J ^(frequency-entan- 
gled state)* 5i^, Stf ^|2^ SPDC 

4^* 4-»«fl4 4S 4# ^4 
l*>-^0»)IO+l»OI*)) (4) 

^ mj^Cpolarization-entangled state)* 

m 4 1 S24I26]. ^-4 444 t4?? 4s 4^ 



W-^IO+WI')) 



(5) 



(5)4 f JE.^4^ energy-time £^ A <M 
JE-b ^lfil ^AH-E ^Eflo] time-bin Sjfj^* 
^W^iSl4[27]. 
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°14 spdc t 

^H 0 W 4 TJAJ^ ^jl^l W EHflV IN 

AJ ^oj^|. ^y^.^ Tjs^i &CH28H30]. 
2. #43#7j 

4t v 3-f t ^a-& ^^h mm % 
°j*ra 3t££>£ <msm 

*h££4 #-§-<dark noise) ^B^tH!^ 

3^7j^ i-dj^S. fs^fe 5i^l D J 
y - Qa ? Wo V WJ<>1l*fe APD Ef^jS] # 

3# ^Hl -5-^-^.7 }■ i^e] n^(dead time) aL^SL 
* S!l<M 4 MHz «»1*S. 

OAs. #?sKn. apd ehjsi # -gxH <a=x> 
*ira»a«w ^h§-*fe * <i * 0.1 

SJeL <JM*£-i- ^17) i^M APDoi] ol 7 ^ 
uKUiSlW breakdown ^^cf ^ A^j-a} 
^ "Geiger mode"^ £o| 

0| 7| °- «JS] ^7,^# *d-jfAjJl7} X|i)«l 
^ iFSsfc #t ^1 fl*M "quenching circuit" 
■§- ^M-^t}. 500~900nm tfl«o||Ai ^3. 4g*l<fe 



Si APD sftft&fe ^SL^l 60-70% 
i 6| a^. i^fc X^6| #»S|. jjoj o^. ojs] 

"active quenching circuit"-^ Sfl^-«}-Jl «>4. 
4. f- A J4^ ^^°J 1310nmi4 1550nm tflq^ 
^S. ^hi-^ InGaAs APD Eftja] ^r^^fe 
^x]4.7f n)| o. ^g. sh^S. quenching JZJE.">fl>H 
^,U]?l7|7f ofl o ^ ^ i+t ^ ^ 

J£SI ^l 7 ^ *1HL> s^W^^-l- °J 

7j-Sfe "gated-Geiger mode"c>l]A-1 

0]£. ^«g- 0}7\ AlZj-o] M^^o^ ^ 

quenching modeS} Aj^o] c^aj ^ 

°] Sict- ^^H 43-3 2. al^ InGaAs APD 

gated-Geiger tnode^lA^ ^g. ^ 
3#^f" 6 1 lO^/ns, ^£#01 10% ^£<y ^1 
^ a J"2j°M. ^^ht^l ^te-t 20~ 

30%^^ InGaAs APD wftl ^r^t 7 ll- i^*r 

^ ^«.>4 °i Tj-f ^--i- ^i- ^ t^ts. m &\ 

%*} J4^*lo} Ahg-efe InGaAs APD51 ^-^ 
«| >go| ^7fl 700nm ^«J1-H Si 

APD eHJ£] f-A^f7|y^ ^ E o| j7A^ 

«S f-il^^^i'H f-^Kr InGaAs APD Ef 

3. wt^j *nia 

^ A^AKAJice^ Bob) AjoH AS. ^ 

a-i Wtetifrsn SJ& Ait 

o]q-. BB84 »j^os op]- 
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mw^ sm 4^1 m*\ &m 
zmw&wsw * 44 *smm* 

j&msx °m *!*h 3\m 

jT^sfl^g. Alice4 Bob°] 

4 ^ wag 44 im^t ms. 

s. 4-2*114 £$4§ %Aft7\ m A^gafe -f^i 

QOJL 7)fr&m SL%*M t + 

Sfe ms. SW. jLS*Hi£ Alices Bobo] 
a-I^S] 7l^# a^fe f- 4 
# #l«HA)i « jLS}*li& C*g tfg Ajs 
&*m23. ^authentication)^ 4w 
MB ShEAl ijj^4. 3. WH 1 ^] 
£ £$44 «WW AHcei+ BobS] -§^# 4fc 
^fl "^■^(impersonation attack)"*)] 2)*)]*: 
?i4 ^Ht^ 4 S14- °I4 MM 

44^ 4^4 4£# Aj^Vtfe ^oflAi ^ 

1984 «d Bennett^ Brassard7F ^9itJ- BB84 <tf 
*HJ3t 1989>d Bennett S|$| %\ 

&4&4[6],[32]. o]$g. <$x} ?1 « 

4f*1&^ $7 a-f£ *Ja]l $ 
3<HI4 EijAe *}■ igsaMi M33], 

[34]. <3E. l>£ AW\ *M ^fls*)*] tiflti 
-f 34# 0 14. 

sH^1 ^ Wfe ^(^Aj)e] ^ 7^7> ^ 



*fe S«l l! -8-8-&<»lffi. Ais 

^i- W °o^P^M^]Al-b 770nm cH 

a] Si APD #A^7l£| 60-70% 3 

^ io] °LS o] na>=«^# *1 

^sflAi mm. w\ w °j=4 

fi-if^l^ ^1^ AM3 ^f^li i 

7^cte 3!oi "LelM-, cH?) f^- 

m?\ 4 

4 -^^3^. 4^1^ ^15+ ^fi] 

^H^l t^-W ° n v 5l^J^ 23.4km 
■^il^El^l ^ bps f] H^^O] fiji 

t>«. 0 l-§-*fe HI-aj* 71^*1 ^A] 

1550nm cfl^oflAi ^^Ajo] 0.2dB/km 

t}. asm- ^ ^ ^ m m 

■^Kdispersion), ^^Sl PMD, 7] 4 cpjflh 

H|^d^ WH! A 1^H4 ^^1- 1 

o\s.m %Atii m s^ah ^ssfe 

•1^1* ^lt ^4^71 efcre ^^-7} xj^ 

S13I 67km ^ o. #sflAl ^ 

bps igjES] ojvil- «>-fi ?1 ^^ol ajT£|jT 51 
nK<5 1> #3E). 

^A^^lSl ^ ?fe o|^lj/-) 

^*W4 fl-tf T^Hr °1 

-g-sb a<3 f - 4°«m os ^oj 7^.^. ^ 

4 4 ah % m ^^oj * 

^ ^4# 4-§-*W ^-2. all el cl| 01 7^^. 
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4?* 














QBER 




IBMCC.H. Bennett) 




Free aii' channel 
Polarization coding 


10bps 


30cm 




1992 


J. Cryptology, 
vol.5, p.3 




BT Lab.tP. Townsend) 




Multi-user, 
1X3 PON system 


1kbps 


5.4km 


3% 


1997 


Nature, 
vol.385, p.47 


PON^S 


Los Alamos Lab. 
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